patients treated with preoperative CRT followed by surgery, were analysed. Patients received conventional fractionated radiotherapy (50-54 Gy) with fluorouracil-based chemotherapy. Surgical resection was performed at 4 to 8 weeks after the completion of preoperative CRT. Absolute blood lymphocyte counts and their relative percentage in total white blood cell counts were obtained from complete blood count tests performed prior to and after 4, 8, and 12 weeks of CRT. We analysed the association between achieving pCR and change in blood lymphocyte level during CRT, as well as clinical parameters.
Introduction
In a multimodality treatment of locally advanced rectal cancer, preoperative chemoradiotherapy (CRT) has been widely implemented because randomised trials indicated that its outcomes are superior to postoperative CRT in terms of local control, sphincter preservation and toxicity [1, 2] . In addition to better outcomes of preoperative CRT, it also offers results of early response evaluation-pathologic response-that give clear information as to the degree of response to CRT and long-term prognosis. An excellent response to preoperative CRT, such as achieving a pathologic complete response (pCR), is associated with excellent long- [3] [4] [5] . Since patients with evidence of pCR after CRT have a more favourable prognosis than those showing residual disease, achieving pCR can be a short-term goal in multimodal treatment of rectal cancer [4] .
Many researchers have attempted to identify the predictive factors that influence the pathologic tumour response for rectal cancer. It has been reported that the pre-treatment level of carcinoembryonic antigen (CEA), distance from the anal verge, and biological tumour profiles were all associated with the pathologic response after preoperative CRT [6] [7] [8] [9] . Recently, several investigations revealed that peripheral immune cell counts, such as lymphocytes or subtypes (regulatory T cell), are significantly associated with a favourable pathologic tumour response after CRT in rectal cancer [10] [11] [12] . The prognostic impact of treatment-related lymphopenia was also suggested in patients with non-small cell lung cancer and pancreatic cancer treated with definitive CRT [13, 14] .
In this study, we hypothesised that the peripheral lymphocyte level is correlated with the level of host immunity, which can influence the immune-mediated antitumor effect. Therefore, we explored whether the changes in blood lymphocyte count during preoperative CRT are associated with a pCR in surgical specimens for locally advanced rectal cancer.
Materials and Methods
Between May 2010 and May 2013, 52 patients underwent preoperative CRT in our institution. We retrospectively analysed the clinical data before and during CRT and evaluated its association with pathologic tumour response in surgical specimens. This study was reviewed and approved by the institutional review board of our institution. Patients underwent preoperative staging work-up, including complete blood count (CBC) with differential, biochemical tumour markers (CEA), colonoscopy, abdominal computed tomography (CT) scan, and pelvic magnetic resonance imaging. Patients with Eastern Cooperative Oncology Group (ECOG) performance status of 0-1 were eligible for preoperative CRT. Absolute blood lymphocyte counts and their relative percentage in total white blood cell (WBC) counts were obtained from CBC tests performed prior to and after 4, 8, and 12 weeks after initiation of CRT. Absolute numbers of WBC subtypes (lymphocyte, monocyte, and neutrophil) were calculated by multiplying the WBC number and each subtype ratio. CBC with differential count was analysed using Beckman Coulter LH 780 (Beckman Coulter, Miami, FL).
All patients underwent a simulation using a Philips Big Bore Brilliance CT (Philips Medical Systems, Madison, WI) with 5-mm slice intervals for three-dimensional radiotherapy planning (RTP). Delineation of the clinical target volume (CTV) for the whole pelvis included gross tumour volume, mesorectum, presacral space, and regional lymphatics. Boost CTV included gross tumour volume and mesorectum. The planning target volume (PTV) was determined by expanding CTV by a margin of 0.5-1.0 cm. Radiotherapy was delivered to the whole pelvis at a dose of 44.0-45.0 Gy, with a boost dose of 4.5-9.0 Gy to the primary tumour, up to total 50-54 Gy. Six-MV or 10-MV photon beams were used for a 3-field radiation treatment. We used the Varian Eclipse External Beam Planning System ver. 7.1 (Varian Medical System, Palo Alto, CA). Serum CEA was measured using the immunoassay on the Roche analytics E170 (Roche Diagnostics, Mennheim, Germany).
Patients received three cycles of chemotherapy, which was initiated on the first day of pelvic radiation and delivered concurrently with radiotherapy. Two cycles of bolus of 5-fluorouracil (400 mg/m 2 /day) and leucovorin (20 mg/m 2 /day) were administered for 5 days in the first and fifth week of radiotherapy. In the ninth week, the same chemotherapy regimen was repeated. At 4-8 weeks after the completion of preoperative CRT, patients underwent surgery. Surgical resection was performed with low anterior resection (LAR) or abdominoperineal resection (APR) at the discretion of surgeon.
Achieving pCR was defined as complete absence of any tumour cells, in both the primary site and the dissected lymph node in surgical specimens. Samples with gross or microscopic neoplastic residuals were defined as an incomplete response. To confirm the relation between variables with a pathological response, a chi-square test or Fisher exact test was used. The mean values were used as a cut-off for continuous variables. In the case of a significant continuous variable by a chi-square test or Fisher exact test, a receiver operating characteristic curve was drawn for determining the best chance of correlation with pCR. The variables selected by a univariate analysis (p < 0.1) were included in a multivariate analysis. For a multivariate analysis, a logistic regression with backward stepwise method was performed.
We examined the correlation between RTP-associated statistics and the change in lymphocyte level using a Pearson correlation coefficient analysis. The following parameters were included in RTP-associated statistics: volume of PTV, sum of monitor unit (MU), body volume received more than 5% of prescribed dose, and integral dose of body volume received more than 5% of prescribed dose. RTP-associated statistics were obtained from the radiotherapy plan of the whole pelvis. Two-sided p-values less than 0.05 were considered to indicate a significant difference. All statistical analyses were performed with IBM SPSS statistics software ver. 19.0 (IBM Co., Armonk, NY).
Results
Patient's characteristics are summarised in Table 1 . Thirtyeight patients were male (73.1%), and the age ranged from 34 to 77 (median, 56). All patients received surgical resection with negative resection margin. The types of surgery were LAR in 36 patients (69.2%) and APR in 16 patients (30.8%). A pCR was achieved in 14 patients (26.9%).
The baseline mean levels of haemoglobin, total WBC count, lymphocyte count, and differential count (%) were 13.2 g/dL (range, 9.1 to 16.0 g/dL), 7,537!10 9 /L (range, 3,900/L to 13,600/L), 2,036!10 9 /L (range, 1,007/L to 3,274/L), and 27.8% (range, 13.8% to 42.1%), respectively. The trend of changes in WBCs compared to the baseline level is illustrated in Fig. 1 .
In univariate analyses, clinical factors were examined to identify the association with pCR and baseline CEA (" 4.4 ng/mL vs. < 4.4 ng/mL, p < 0.01), and sustaining blood lymphocyte ratio at 4-week (lymphocyte count at 4-week/baseline lymphocyte count " 0.35 vs. < 0.35, p=0.01) was statistically significant (Table 2) . In multivariate analyses, the baseline level of CEA < 4.4 ng/mL (odds ratio, 6.71; p=0.03), and sustaining the lymphocyte ratio at 4-week " 0.35 (odds ratio, 8.33; p=0.02) remained as statistically significant parameters (Table 3) . Forty-four patients (84.6%) finished the planned three cycles of chemotherapy, and there was no significant difference of the complete response (CR) rate between the groups with/without completion of the planned chemotherapy (3 cycles vs. less than 3 cycles, 25.0% vs. 37.5%, p=0.66) ( Table 2) . RTP-associated statistics are summarised in Table 4 . The correlation between RTP-associated statistics and sustaining the blood lymphocyte ratio at 4 weeks of CRT is illustrated in Fig. 2 . The sum of the MU was significantly correlated with the sustained blood lymphocyte ratio at 4 weeks (Pearson's coefficient, -0.341; p=0.01). 
Discussion
The results of this study showed that a high ratio of sustained blood lymphocyte count during CRT (sustaining ratio > 0.35 at 4 weeks) was predictive for achieving pCR in rectal cancer. While it is assumed that the high level of sustained blood lymphocyte count represents the maintenance of host immunity during CRT, this result may suggest that sustaining the blood lymphocyte count during CRT enhances the immune-mediated anti-tumour effect and leads to higher values for pCR. Lymphocytes play a major role in the host anti-tumour response of dendritic cells. Denkert et al. [15] reported that tumour infiltration of lymphocytes was a significant independent parameter for pCR in surgical specimens after neoadjuvant chemotherapy in breast cancer. Data from colorectal cancer has confirmed the prognostic value of tumour infiltration by lymphocytes [16, 17] . Although the peripheral level of lymphocytes is not directly correlated with the level of tumour-infiltrating lymphocytes, circulating lymphocytes can be an indirect but easily accessible surrogate for evaluating lymphocyte-mediated immunity. A direct correlation between the levels of peripheral lymphocytes and tumour-infiltrating lymphocytes should be studied by more detailed pathologic examinations of surgical specimens. We focused on the level of peripheral blood lymphocytes to determine its clinical implication for the early prediction of tumour response, which may be useful for a tailored patient approach in rectal cancer [18] . Schmidt et al. [12] showed that higher levels of circulating regulatory T cells (Treg) after 5 days of CRT are associated with a favourable pathologic tumour stage (< pT3a) in surgical specimens in colorectal cancer patients. They suggested that the levels of Treg during CRT might be a good indicator for necessary dose adjustments in CRT. Although we analysed the whole lymphocyte count and not the subgroup differential counts, compared to the study of Schmidt et al. [12] , we showed that whole lymphocyte counts during CRT also have a significant association with a favourable tumour stage (pCR). Based on these two results, there seems to be a close correlation between the levels of total blood lymphocytes and Treg cells during CRT. However, the change of total lymphocytes and its subgroups did not show a consistent pattern over a period of radiotherapy. The results of Schmidt et al. [12] showed that the percentage of CD4+ cells among lymphocytes remained relatively constant and the percentage of Treg decreased at 5 days of CRT. Lissoni et al. [19] studied the effects of conventional antitumor therapies on circulating Treg lymphocytes, including whole lymphocyte count, and showed that the mean values of whole lymphocyte and CD4+ lymphocyte count dropped dramatically at the end of pelvic irradiation. However, the Treg (CD4+CD25+) lymphocyte level showed no substantial changes. Schuler et al. [20] reported that the Treg level increased in some patients while it decreased in others after CRT for head and neck cancer. This variability among studies may be due to different timing of blood sampling, heterogeneous immune responses by various hosts and tumour conditions. For elucidating the role of total lymphocyte levels and its interplay with other immune cells during CRT, an analysis of the association between pathologic responses and the level of subpopulations of blood lymphocytes sampled at multiple times is needed, also in combination with cytokine milieu analyses.
A negative prognostic value for the initial lymphopenia and treatment-related decrease in the number of blood lymphocytes has been demonstrated in various settings and malignancies [13, 14, 21, 22] . Baseline blood lymphocyte counts were not significantly associated with pCR in our study because patients with lymphopenia were excluded at the time of patient selection for preoperative CRT. Although a marked decrease in lymphocyte count was observed in most patients (Fig. 1) , treatment-related lymphopenia (lymphocyte count at 4 weeks < 500!10 9 cells/L) had developed in only four patients (8.5%). In our study, a significant predictor for pCR was not the absolute lymphocyte count, but the relative ratio of lymphocyte count to the initial lymphocyte count (sustained ratio). This fact suggests that relative ratio of treatment-related decrease of lymphocyte may have a negative prognostic value, as well as treatment-related lymphopenia in preoperative CRT for rectal cancer.
It has been investigated in several studies that peripheral lymphocyte count is associated with pathologic response after preoperative CRT. The hypothesis of these investigations was that the level of host immunity related to lymphocyte could facilitate the pathologic responses. High pretreatment lymphocyte number [10, 11] or subtype of lymphocyte (regulatory T cell) [12] can be considered to reflect the level of lymphocyte-mediated immunity and demonstrated in previous researches. In these contexts, it can be assumed that the sustained level of lymphocyte during CRT can be also a predictive marker for pCR as we showed, although the predictive value of pre-treatment lymphocyte count was not demonstrated in this study.
Compliance of chemotherapy may be a confounding factor in the association between sustained level of lymphocyte and achieving pCR because the level of lymphocyte during treatment may be a mere reflection of chemotherapy tolerance. Those who were maintaining the level of lymphocyte had better performance and were likely to withstand preoperative CRT. However, the CR rates between the groups with/without completion of planned chemotherapy did not show significant difference (25.0% vs. 37.5%, p=0.66) ( Table 2) .
We analysed the correlation between RTP-associated parameters and the sustained ratio of blood lymphocytes at 4 weeks of CRT (Fig. 2) . The volume of PTV, integral dose of body volume receiving more than 5% of the prescribed dose, and body volume receiving more than 5% of the prescribed dose were not correlated with the sustained lymphocyte ratio. Only the sum of the monitor unit was significantly correlated with the decreased ratio of lymphocytes (r=-0.341, p=0.01) (Fig. 2B) . The dose rate, implemented radiation techniques, volume of PTV (field size), and integral dose can influence lymphocyte counts. Yovino et al. [23] undertook a simulation study of the effect of factors related to radiation technique on the irradiated volume of the circulating blood pool. They showed that a potentially lymphotoxic dose (> 0.5 Gy) could be delivered to the circulating blood in a standard treatment plan for brain tumours, and that a larger PTV volume and low dose rate sped up the saturation rate of the irradiated blood volume. However, in our study, RTPassociated parameters were not different among patients due to a very homogenous study population. In all patients, identical landmarks for the borders of the radiation field and similar techniques were used. These homogeneities resulted in no definite correlations with decreases in lymphocytes during CRT except for the sum of the monitor unit. In the case of the monitor unit, because we fixed the dose rate at 300 MU/min, the sum of the monitor unit is correlated exactly with the irradiated time. A longer beam-on time induced a longer exposure of the blood pool to radiation, and it is thought that this longer exposure resulted in a lower sustained lymphocyte ratio. However, although there was a moderate correlation between the sum of MU and sustained level of lymphocyte, it was not enough to draw a conclusion that less MU use in radiotherapy would lead to more pCR.
The results of this study are limited due to relatively small sample size and single institutional retrospective design. Moreover, detailed analyses with subpopulation of lymphocyte could not be evaluated in this exploratory study. However, this study suggests the potential association between pathologic response and sustained ratio of peripheral lymphocyte level during CRT in rectal cancer. Larger scale retrospective analyses would be needed to confirm the predictive significance of the peripheral lymphocyte changes at various timings during CRT. The effect of the peripheral lymphocyte level on long-term survival should also be investigated in these retrospective analyses.
Conclusion
In conclusion, sustaining blood lymphocyte count during preoperative CRT was predictive for pCR in rectal cancer. Further studies are warranted to investigate the association between pathologic responses and circulating lymphocyte count with its subpopulation during preoperative CRT.
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